The addition of new observational capabilities and continued sensitivity improvements have allowed observations with the Keck Interferometer to encompass new areas of astrophysics and expanded significantly the available sample size in areas which had been the focus of previous work. The technical details of the instrument techniques (including nulling, L-band and increased spectral resolution) are covered in other contributions to this conference. Here, we will highlight the astrophsyics enabled by these instruments including: a summary of the NASA Exo-zodical Dust Survey Key Project, observations across a range of dust temperatures with K and L-band measurements and faint target studies of active galactic nuclei and young stellar disks.
KECK INTERFEROMETER
The Keck Interferometer (KI) combines the two 10-m Keck telescopes as a long-baseline infrared interferometer (see Ragland et al, this volume and references within). It is funded by NASA as a joint development among the Jet Propulsion Laboratory, the W. M. Keck Observatory, and the NASA Exoplanet Science Institute (formerly the Michelson Science Center). KI supports several different observing modes, which are available to the Keck community (Caltech, UC, NASA, UH, & NOAO) through the standard proposal process * . These include H (1.6 μm), K (2.2 μm), and L-band (3.5 μm) visibility-amplitude modes at a variety of spectral resolutions (see Ragland et al, this volume for more details), and the 10 μm nulling mode (see Colavita et al, this volume) . With a grant from the NSF MRI program, Keck Observatory is continuing development of its ASTRA (ASTrometric and phase-Referenced Astronomy) project to add additional observational capabilities. ASTRAs self-phasereferenced high-spectral-resolution mode is currently available to the Keck community, the dual-field mode is entering the shared-risk-observing phase and the astrometric model is under development (Woillez et al, this volume). For a description of the science enabled by this mode, see the papers by Eisner and Pott in this volume.
SCIENCE OVERVIEW
Over the last two years, the science pursued by observers using KI has ranged from nulling observations of the closest main sequence stars and the formation of stars and planets to the energetic world of novae and the centers of active galactic nuclei. The peer-reviewed science papers using KI data since 2008 are:
• Luminosity-variation Independent Location of the Circum-nuclear, Hot Dust in NGC 4151 Authors: Pott, Jorg-Uwe, et al, 2010, The Astrophysical Journal, 715, 736.
• In the sections below, we describe highlights from some of these works.
MATERIAL AROUND NEARBY MAIN SEQUENCE STARS
One of the primary goals in NASA's development of KI was a nulling mode to survey nearby main sequence stars for exozodical dust. These stars are potential targets for future planet finding and characterization missions and a high level of exozodical dust can hide the signature of Earth-like planets. The detection of low level emission around a bright point source is a problem of dynamic range rather than pure sensitivity and the KI nuller was specifically designed to address this challenge. The nuller hardware is described in Colavita et al (2008) 1 and the performance and data pipeline in Colavita et al (2009) 2 and Colavita et al (this volume).
Observations of the nearby main sequence targets were conducted as the NASA Exo-zodical Dust Survey Key Project by three competitively selected teams led by P. Hinz (University of Arizona), M. Kuchner (Goddard Space Flight Center) and E. Serabyn (Jet Propulsion Laboratory). The observations were conducted from 2008 February to 2009 January over 32 nights and observed 44 unique targets (a list of the targets is available at http://nexsci.caltech.edu/software/KISupport/KeyScienceTargets.shtml). Analysis of the complete data set by the KI team found an overall performance level in the null uncertainty of 0.3% (1 σ) for sources brighter than 2 Jy.
2 Here we briefly summarize some results from the Key Science teams.
The Hinz team combined the KI data with Spitzer and MMT nulling data to characterize any circumstellar material over a wide range of radii. For beta Leo, the KI data, along with the other observations, show a series of radial rings of material (Stock et al, 2010, submitted). For omicron Leo and alpha CrB, the detected KI excesses most likely arise from the binary companions rather than from circumstellar dust (Stock et al, 2010, submitted).
The Serabyn team is analyzing a sample primarily consisting of non-detections for low-dust stars (as an example see Figure 1 ), from which to derive zodi levels upper limits. The team has established the following method: (a) use the spectral data which provides the highest combined SNR (8-9 μm), (b) compute 1-zodi brightness around each star using ZODIPIC, 3 (c) for each individual observation (i.e. for the precise sky orientation of the KI Nuller fringes) compute the predicted leak, where 1-zodi is defined as having the same optical depth at 1 AU as in the solar system zodi, (d) scale the number of zodis until it matches the measured leak excess (i.e. measured leak minus the contribution from the photosphere of the central star), and repeat for measured leak +-error, (e) average the results and combine the errors (formal and external) from multiple observations for each target as described in, 2 and (f) repeat for a range of exo-zodi cloud orientations (inclination and PA). The limits derived will represent a significant improvement in our level of knowledge about the level of exo-zodi emission around nearby main sequence stars, with respect to that afforded by the spectro-photometric techniques more typically used. The statistics of these upper limits will provide meaningful extrapolation into the regime of interest to future terrestrial planet finding missions. 
Nulling calibrator stellar diameters
One astrophysical product of the nulling Key Science campaign was measured K-band angular diameters for the relatively bright stars used as calibrators. Although the majority of the stars used as calibrators have spectral types earlier than K5 (99 of 120), many (21 of 120) are giants of later spectral type, for which angular diameter estimates based on model stellar atmospheres are especially unreliable. Since the nuller has its optical path stabilized via K-band fringe trackers, this data can be used to directly determine the stellar visibility and then the angular diameters.
2 The key science targets, which were all well-characterized main sequence stars were used as calibrators for this analysis. A few of the key science targets are known to have circumstellar dust which contributes 1 − 2% of the K-band flux; however, including this component changes the diameters derived for the calibrators by at most 5%. For the calibrators used for key science targets that are known to be binaries, this procedure could not be used. In those cases (13 of 120), the calibrators were used to calibrate each other, assigning to each of them in turn the role of target, and adopting for the others angular diameters from the surface-brightness relations of Bonneau et al. (2006) 4 with conservative 10% errors.
For each calibrator, a uniform disk diameter was fit to all the K-band visibility amplitude data available. These uniform disk diameters were converted to limb-darkened diameters using the standard formula for linear limb darkening. 5 The resulting angular diameters at both K and N-band are given in Ref.
2 Figure 2 shows the resulting limb-darkened diameters against the diameters predicted by the surface-brightness relations of Ref.
4
Both estimates correlate well, validating the conversion from measured K-band to N-band diameters. 
YOUNG STELLAR OBJECTS
Many of the studies with KI focus on the structure of circumstellar material around young stellar objects as the angular scales probed by infrared interferometry are well suited for the inner disk. The first observations using the L-band mode were of the massive young stellar object MWC 419. 6 These observations also included medium resolution (R∼230) K-band data taken simultaneously. Using geometric models, Ragland et al (2009) found that the apparent size increases linearly with wavelength from the K to L bands (2 to 4 μm) (Figure 3) , suggesting that the disk is extended with a temperature gradient. A model with a radial power-law temperature gradient fit to both the interferometric measurements and the spectral energy distribution has a power-law slope close to that expected from an optically thick disk.
A second area in young stellar objects in which KI has substantially contributed is determination of binary orbits. There are relatively few direct mass measurements for young stars less than 1 solar mass and accurate measurements can be used to calibrate the theoretical evolutionary tracks. Observations of the spectroscopic binary DQ Tau were combined with radial velocity measurements from the literature to constrain the visual orbit 7 (Figure 4) . The KI data of Boden et al (2009) exhibit a near-infrared excess which arises from a size scale close to that of the binary (0.2 AU) rather than the inner edge of the circumbinary disk (0.4 AU). This supports the hypothesis proposed by previous authors that warm material exists near the binary.
The sensitivity of KI has allowed studies of young stellar objects to push to fainter objects previously not studied with this technique. 8 made observations of five transition disks, which are young objects thought to have optically thick outer disks, but optically thin inner disks. Their data exclude binaries with ux ratios of at least 0.05 and separations ranging from 2.5 to 30 mas (0.354 AU) over >94% of the area covered by the measurements as the cause for the cleared inner region. All but one of the targets were spatially resolved and the data were consistent with hot material on scales of 0.1 AU which is separated from the cooler outer disk, consistent with SED modeling. See Figure 5 for an example of the ring model and excluded companion phase space for the object LkCa 15.
The new self-phase referenced mode (Woillez, this volume) enabled by the ASTRA instrument provides significantly higher spectral resolution in the K-band. Figure 6 shows a small section of the K-band near the Brackett gamma Hydrogen transition for the young stellar object MWC 1080 (Eisner et al 2010, submitted). These observations show that the Brackett gamma is more compact than the continuum and is consistent with a disk origin for the emission line. Barry et al (2008) 9 observed the nova RS Oph with the nuller 3.8 days after the outburst which occured on 2006 February 12 and derived a size scale of 4.0 mas (FWHM) for a Gaussian profile. The data show evidence of enhanced neutral atomic hydrogen emission and atomic metals including silicon located in the inner spatial regime near the white dwarf ( WD) while the outer spatial region (∼ 17 AU) shows evidence for nebular emission lines and hot silicate dust. They suggest that these features have been excited by the nova in the outer spatial regime before the blast wave reached these regions, supporting a model in which the dust appears to be present between outbursts and is not created during the outburst event. They also discuss the results in terms of a unifying model of the system that includes an increase in density in the plane of the orbit of the two stars created by a spiral shock wave caused by the motion of the stars through the cool wind of the red giant star. 
NOVAE

ACTIVE GALACTIC NUCLEI
The advent of large aperture interferometers (KI and VLTI) allowed the first observations of active galactic nuclei (AGN) in 2003. 10, 11 Recent improvements in K-band sensitivity (currently K magnitude < 10.3 in the most senstivity mode) hve expanded the sample which can be observed.
Kishimoto et al (2009) have observed three type-1 AGN's and a QSO (quasi stellar object).
12 All objects had a high measured visibility (V 2 ∼ 0.8 − 0.9). Using a ring model to measure the effective radius of the K-band emission, they find sizes roughly equal to or slightly larger than the reverberation radius as a function of AGN luminosity, suggesting that the KI observations are partially resolving the dust sublimation region.
A second team analyzed the multiple epochs of observations available for NGC 4151 13 and found the measured visibilities from the three different nights are not correlated with the variations of the nuclear luminosity. propose two models for the emission: 1) the visibility is dominated by emission from size scales smaller than 30 Mpc, which falls short of any dust reverberation measurement in NGC 4151 and of theoretical models of circum-nuclear dust distributions or 2) the visibility is dominated by hot dust (>1300 K) at linear scales of about 50 Mpc. They favor the second hypothesis and also show that the KI data do not support a model where the dust emission size scale follows the nuclear variability of NGC 4151 as R dust ∝ L 0.5 .
CONCLUSIONS
Observations with the Keck Interferometer are being used to address a wide range of astrophysical questions, from circumstellar material around the closest stars to the disks around active galactic nuclei. The current capabilities of KI are described in Ragland et al (this volume) and are updated for each observing semester at http://nexsci.caltech.edu/software/KISupport/. Proposals to use KI can be submitted through any of the Keck community allocations (Caltech, UC, UH, NASA, NOAO/TSIP). 
